Abstract-The effects of stabilizing agents on the rheological characteristics and static stability of highly-loaded coal-water slurry (HLCWS) were investigated in this study. Experiments were done on HLCWS prepared from sub-bituminous coal samples originated from Indonesia. Napthalene Sulfonate Formaldehyde (NSF) was the selected anionic dispersant used at fixed concentration. Three different stabilizers were chosen to study with a variation in quantity used. The results showed that the apparent viscosity of HLCWS increased due to the addition of stabilizer, resulting in a decrease in fluidity. However, static stability of HLCWS was found to effectively increase with the use of the stabilizer. Guar gum provided the most suitable apparent viscosity and static stability for HLCWS with 65% coal loading when compared to the others. It is also observed that the slurries exhibited non-Newtonian fluid behavior and expressed as pseudo plastic fluid.
I. INTRODUCTION
Highly-loaded coal-water slurry (HLCWS) is an alternative energy option which consists of 60-75% coal powder, 25-40% water and about 1% additives [1] . Properties of coal, particle size distribution, type and amount of chemical additives and method of preparation of the slurry are considered as the factors affecting the characteristic of HLCWS. The most important characteristic of HLCWS based on its practical uses is viscosity. It is reported that the standard set on the apparent viscosity of CWS, which reference from fuel oil, is 1000 -1200 cP at 100 rpm (shear rate = 122.36 s -1 ) [2] . Nevertheless, other characteristics such as the solid content and static stability are also in need for the production of a good quality HLCWS. To maximize the solid content in HLCWS is necessary in order to maintain the energy from unit mass of it. But then an increase of solid content in HLCWS can cause an increase in viscosity and decrease in fluidity of the slurry. Chemical additives; i.e. dispersing and stabilizing agents, are widely used in HLCWS production to maximize the solid content. Dispersing agent is a surfactant for suspension of coal particles in water and stabilizing agent is a surfactant to improve the stability of the suspension HLCWS. It is of importance that the chemical additives, must be carefully chosen such that they should provide suitable viscosity or rheological characteristics [3, 4] , including the desired stability, concerning the transportation and storage [5] . There are a number of researches regarding the effects of chemical additives on coal-water slurry (CWS) [1] [2] [3] [4] [5] [6] [7] . In addition, there are several kinds of chemical additives that are in much of attention recently. The use of appropriate dispersing and stabilizing agents for the selected raw materials is necessarily investigated since coal properties are found to typically vary depending on coal rank and origin.
In this paper, experiments have been carried out by using sub-bituminous coal samples originated from Indonesia and the selected anionic dispersant to prepare the HLCWS samples. Three different stabilizers were chosen to study. The effects of studied stabilizing agents on the rheological characteristics and static stability of the prepared HLCWS were investigated and discussed.
II. EXPERIMENTAL
A. Materials HLCWS were prepared with the sub-bituminous coal samples originated from Indonesia. Table 1 shows the proximate and ultimate analyses of the coal samples according to ASTM D3172 and ASTM D3175 respectively. Fig. 3 , it CWSs by usin nts were decr lting in an inc n in Fig. 4 time reached approximately 12 hr. This is attributed to the fact that Guar gum structure is linear with side chain polymer that would not form three-dimensional network structure like CMC-Na. Nevertheless, it is worth to note that static stability of HLCWS has to be negotiated with its apparent viscosity in practical uses.
IV. CONCLUSION
The effects of stabilizing agents on the rheological behaviors and static stability of highly-loaded coal-water slurry (HLCWS) have been observed. The anionic dispersing agent: NSF and three different stabilizers: CMC-Na, Guar gum and Arabic gum were used to prepare the studied HLCWSs from sub-bituminous coal samples originated from Indonesia. The results showed that the apparent viscosity of HLCWS increased due to the addition of stabilizer, resulting in a decrease in fluidity. However, the addition of suitable type and concentration of stabilizer can improve stability of HLCWS for its practical uses, especially in HLCWS storage and transportation. It is concluded from the results that Guar gum at 0.05 %wt is a suitable stabilizing agent used for the preparation of HLCWS. With this condition, the appearance of HLCWS sample is homogenous, good fluidity and acceptable in apparent viscosity and static stability.
